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Abstract .

The event nf March 22, 1979 has becn the object of a concentrated srudy
effort as a part of the Coordinated Data Analyeis Workshop activity desigpaned
CDAU~-6, Fnergetic electron and magnetic flald measurements from a set of four
satellites aligned from 6.6 to 13 Rg at the 0200 LT'meridian at the time of the
magnetospheric substorm event of 1100 UT ar; presentad. These data are used to

show that a magnetic X-line formed spontaneoualy in the vicinity of 7 Rg in

response to a steady build-up of mugnetic stress in the geomagnetic tail.

Tntrnduction

Sinca the introduction of the concept of an open magnetosphere by Dungey
in 1961 with the requirement for magnetic fleld merging regions near the
subsnlar magnetopause and in the geomagnetic tail, the role of rvconnection in
the magnetospheric substorm prccess has been a topic of debate. Dungey (1961)
argued tha* if therae is raconnection at the subsolar magnetopausa thare must be
reconnection in the magnetic tail and the rate at wvhich reconnection ocecurs in
these two regions must be equal on the average but need not balance
instantancously. When these rates fail to balance Lhare is a net transport of
rmagnetiec flux into the gromagnetic tail (Russell and McPherron, 1973). This in
turn leads to ¢ bulld=-up of magnetic ntressas in the tail. Much evidence now
exists which pnints to the 1ormation or ¥X= and O=type neutral lines that form
as a result of magnetic reeonnection. This process can uccur spontaneously
fren a collisionlean tearing mode inertahility under certain conditions (Galeev,
19823 Schindler, 1983, Cowley, 1983). Threc=dimonsinnal MID nodelinp (Birn and
itones, 1981) has demonstrated that this nawly formed raconnection rogion ecan
form well  earthward of the preexictine tall reconnection sfte required in

cofr oope L nedtnl of Lhe mseneton hope,
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Although much evidence exists for the formation of a new region of
rasconnection 1in association with the magnetospheric substorm, a significant
poiat to note is that little concensus exists as to the location of this new
gite; 1its location is discussed 'as occurring anywhere from a value of
X(GSE) = -15 R to beyond X(GSE) = -200 Rp. We present here data obtained by a
set of four satellites in the near earth magnetotail during a well-studied
substorm which indicate that the near earth neutral-line formed in the vicinity
of the geostationary orbit (r = 6.6 RE). We also demonstrate that the
formation of the region this close to the earth was able to draw appreciable
quaatities of ions from the ionosphere. ' This result indicates that the
formation and movement of the X-line is only one phase of the magnatospheric
substorm process, i{.e,, much longer torm effects can bde associatedlwith the

tenporally limited X-line formation.

Data Presentation

On March 22, 1979 a propagating intarplanetary shock front struck che
magnetopau3a at 0826 UT and subsgequently the.e developed moderate-to-strong
storm activity (Dst(max) = =70nT). A series of threa discrate substorms
occurred following the §SSC at 0826 UT, This period has been the object of a
concentrated study aeffort as part of the Coordinatad Data Analysis Workshop
activity known as CDAV 6 (Manka and !cPherron, 1983), We report hare on
observationa ob:Jlncd irom a set of four satellites aligned along the 0200 LT
meridian at the time of a large magnetospheric substorn occur;ing near 1100 UT,
The locaxion of there ratallitexr is presentad in Figure 1,

Fnorgetic electron neasurements nade hy satellita 1977-077 at  the
penztatianary orhit ara prerented i{n Fipure 2 (c.f. Baker ot al., 198°), The

fluren of thess olantrona are eonatant prior to 1040 UT at which t’4e  they



.
decrzase sharply to near background levels. Appr%ximately ten minutes later
thev increase sharply hack to their pre-dropout levels and at 1104 UT undergo a
second sharp increase. Although the satellite is located at the geographic
equator it is at a magnetic latitude of ~5° and ve interpret the electron flux
dropout from 1042 to 1052 UT as an indication that'the satellite moved through
the trapping boundary into the high latitud; tail lobe as a result of the
geomagnetic field becoming highly stressed and tail-like due to the transfer of
nmagnetic flux into the geomagnetic field.

The encrgetic electron measurements from spacecraft 1977-007 can be used
to calculate the local magnetic field orientation ir a self-consistent manner,
I'sing a spherical harmonic analysis of the >30 keV electron distributions (cf.,
Baker et al., 1982) we have computed the field line inclination in a dipole
neridional plane. This field inclination, which we call 6, is shown in the
lover panel of Figure 2. A value of 6g = 0° would correspond to a magnetic
field parallel to the dipole axis, while a value of 6y ~ 90° would correspond
to a very taillike configuration with the magnetic field nearly parallel to the
dipole equatorial plane. The data of Figure 2 show that prior to the substorm
expansion onset @y (when calculable) reached values approaching 90° between
~104% and ~1055 UT,

At tha GOFS-3 sateliite, nearly colocated with satellite 1977-077 at
synchronougs orbit, onboard measurements of the magnetic field confirm this
picture, In Figure 3 the nmenrured V, D, and H components of the magnetic field
at CGOES=3 are presented vhere H is parallel to the earth’s rotational axis, V
t=2 radially awvay from the carth, and D is pomitive eastward (V X D = H)
conpleting the right-handed system (Fritz and Neeley, 1982). Note the change
‘n thie =compnnent an {t departs from {ts dipolar value of =25y at ~1020 IT and

ety ke e manra weentive roaching a value of =110y ac 1052 UV, This
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again is direet Iindication of the tail-like development of field at the
geostationary orbit due to the build-up of stresses during the period 101N UT
to 1052 UT - a phase described by McPherron (1972) as the substorm 'growth"
phase.

At 1052 UT as determined both by the reappearance of the energetic
electrons at satellite 1977-007 and the sharp change 1in the magnetic field
V-component at GOES-3, the magnetic field suddenly relaxed back toward u more
dipolar configuration. The highest energy electron intensity variation 1is
ploctted 1. Figure & along with the GOES-3 V-component to illustrate the
simultaneous recovery seen Iin these two mnmeasurements, In add!tion, an
ilentical electron energy passband on the 1SEF-1 satellite is presented and,
surprisingly, this channel shows the same recovery at 1352 UT, This behavior
probatly 1s not an in situ energization of these electrons. Rather, we
interpret this as an indication that these electrons were 2xcluded frum

reaching either 1977-007 ac 6,6 Rg, (5° magnetic latitude) or ISfEE-1 at 13 Rg,

This exclusion would most likely be due tec the highly stressed tail~like
magnetic field configuration prior to 1052 UT, while the energetic electrons
vere later able to drift to each satellite location after the fileld
reconfiguration at 1052 JT,

The threr GSE components of the magnetic field measured at ISEE~]l for this
time {nterval are preseated in Fipgure 5, MNote the steadily increasing value of
the Bx cnnponcni and total magnitude of the field from ~1035‘UT to beyond 1100
UT. As demonstra~ed by Fairfield (1983) this increase of :hc.magnetic flield 18
further evidence for the enhanced transport of magnetie flux 1into the
geonagn *' and the resultant build-up of stresses there, The point Ito

note  fn Fifoure 5 {8 that chere 1{g no cvidence for a mnagnentie fleld

voscen fenr ntag o at 1082 07T ar T8EE=] loecated at 13 Ra, In faect the first
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evidence of any particle acceleration at ISEE-1 aifociated with the magnetic
field reconfizuration vhich occurred at GOtS-3 and 1977-007 ac 1052 UT was
seven minutes later at 1059 UT (Fricz, et al., 1983; Paschmann et al., 1983).
The direction of the observed plasma and energetic particle streaming at 13 Rg
was such that the pafticle source was located earthward of the ISEE satellites.

The in situ measured densities of” varicus 1lon species at ISEE-] are
presented in Figure 6 (Lennartsson et al., 1983). In the upper portion of the
figure thte measured density of ions assoclated with a solar wind source 1is
plotted while in the lower panel 1ion densities associated with a putative
innospheric source are presented. Note that prior to the 1052 UT
magnetaspharie substorin onset (and the assnclated maguetic field
reconfiguration at geostationary orbit) the plasma sheet at the ISEF-1 position
vas dominated by ions of solar wind origin (as indicated by the lsrge density
of Het™ ions and low density of ot ions), whereas after the substorm the
composition of the plasma sheet was dominated by ions of ionospheric origin (as
indicated by the large lensity of ot 1ons and low density of Hett fons). This
magnetospheric substorm was able to completely alter the composition of the
ﬁlnsma resident in the near-earth plasma sheet by switching from the usual
solar wind sournce to an ifonospheric source for the plasma to repopulate the

plasma shee: duving the subhstorm recovery.

Supmary, and Conclusions

The mapgnetospheric suhstorm of 1100 UT 'iarch 22, 1979 studied extensively
ag a part of the CPAW-6 activity, has demonstrated that » neutral line formed
snontaneously  just tailward of the geostationary orbit (e.g. ~7 RE) following
an rxtendad perfod nf {necroasing stress build-up in the tall magnetiec field.

S maeaenic f20ld racanfiourarion  associated vith  the  formatien of this



-7-

raconnection region was not initially observed at ISEE-1 suggesting that the
region was therefore localized well earthward of 13 Rp. The formation of the
X-line and the eventual ejection of a plasmoid down the tail are apparently
only the first manifestation of the magnetospheric substorm expansion ﬁrocess
since appreciable fluxes of ions can be lifted out of the ionosphere, energized
and used to reform the plasma sheet in association with the magnetospheric

substorm process.
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FIGURE CAPTIONS

Figure 1, Location of seven spacecrafts during the CDAW-6 substorm of 1l UT on
March 22, 1979. Note the radial alignment of four satellites along the
0200 LT meridian.

Figure 2. Energetic elec:rén intensities measgred by instruments on satellite
1977-G07 during the CDAW-6 substorm of 1l UT on March 22, 1979. 93 1sg
described in the text.

Figure 3. Magnetic field mneasurements made by the magrietometer on satellite
GOES-3 during the CDAW-6 substorm of 1! UT on March 22, 1979. See text for
definition of V, D, and H compcnents.

Figure 4, Composite plot of the GOES-3 magnetic field V-component'and two
similar electron energy channels on satellite 1877-007 at the geostationary
orbit and satellite ISEE-1 at 13 Pp,

Figure 5. Magnetic field measurements in GSE coordinates madel by the
nagnetometer on satellite ISEE~]1 during thea CDAW-6 substorm of 11 UT on
March 22, 1979, ,

Figure 6. In situ mneasurements of the ionic compositional denesities in the

plasma sheet at tha locaticn of satellite ISEE-l during the CDAW-6 avent

interval on March 22, 1979 (from i.ennartsson et al., 1983),
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